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Although many factors have been implicated in the
docking steps that precede vesicle fusion with a
target membrane, few similarities have been found
between them. New evidence suggests that at least
some of these factors form related multimeric com-
plexes that may help to explain the mechanism of
vesicle docking.
Just as Hollywood films are bound to spawn sequels,
it seems that the discovery of proteins involved in
membrane traffic will always be followed by revela-
tions that related proteins play a similar role at other
stages of the secretory and endocytic pathways. The
SNARE proteins involved in membrane fusion events
and the Rab GTPases thought to coordinate the
process of docking and fusion have both followed 
this pattern, with large families of SNARE and Rab
proteins now known to exist in higher eukaryotes [1, 2].
The exception to this rule has been the tethering pro-
teins, a diverse set of factors apparently related only
by their involvement in the initial docking of vesicles to
their target membranes prior to fusion [3]. Many of
these are predicted to contain long, coiled-coil
sequences but have not shown any similarities
beyond this. Recent evidence [4] may serve to change
our view of this, and tethering proteins may after all
form a family of related protein complexes.
During membrane transport in the secretory or
endocytic pathways, a cargo-carrying vesicle must be
able to dock and fuse specifically with its target mem-
brane. Current models suggest that long coiled-coil
tethering factors provide the first stage of recognition,
mediating an interaction between membranes over a
relatively large distance. Following this, the smaller
coiled-coil SNARE proteins, opposed on both vesicle
and target membrane, mediate a shorter-range inter-
action, culminating in the fusion of the two mem-
branes. While the diverse set of apparently unrelated
tethering factors would obviously be able to provide
the necessary specificity, it is unclear if these proteins
play identical functional roles in the different steps 
of the secretory and endocytic pathways. A new study
[4] shows that some tethering factors, which act at 
different membrane transport steps, form related
complexes and suggests a common mechanism of
vesicle docking.
Whyte and Munro [4] report the discovery of six new
components of the Sec34/35 docking complex localised
to the Golgi apparatus in the budding yeast, Saccha-
romyces cerevisiae. They found that these proteins
are related to the members of two complexes, which
act at other stages of the secretory pathway in both
yeast and mammals (Figure 1). These are the so-called
‘exocyst’ in yeast, known as the Sec6/8 complex in
mammalian cells, and the Vps52/53/54p or VFT (for
Vps fifty three) complex [4]. The exocyst is a complex
of eight proteins required for the delivery of Golgi-
derived vesicles to the plasma membrane in yeast and
mammals [5,6], while the tripartite VFT complex seems
to play a role in the docking of endosome-derived
vesicles to a late Golgi compartment [7].
The precise location and function of the Sec34/35
complex is more difficult to define. SEC34 and SEC35
were originally identified in yeast as genes necessary
for membrane transport through the early part of the
secretory pathway, and mutant phenotypes in both
genes are suppressed by overproduction of Ypt1p,
the Rab protein controlling early secretory events
[8–10]. The Sec34 and Sec35 proteins are now known
to be part of approximately 500–700 kDa complexes
localised to the Golgi apparatus of both yeast and
mammals [9–11]. Although originally suggested to be
involved in the tethering of endoplasmic reticulum
(ER)-derived vesicles to the early Golgi, more recent
evidence has pointed to a function for the Sec34/35
complex in retrograde transport through the Golgi:
SEC34 has been independently isolated as a gene
required for the recycling of a reporter protein from
the endosomes to the late Golgi [12], and the human
Sec34 protein is localised throughout the Golgi [11].
Fitting with these latter observations, one of the new
members of the Sec34/35 complex, Dor1p, was iden-
tified through a synthetic lethal screen with RIC1 [4].
Ric1p is the nucleotide exchange factor for Ypt6p, the
Rab protein involved in membrane transport events at
the late Golgi compartment [13]. Thus, in the absence
of RIC1, DOR1 becomes essential in yeast. Sequence
analysis of Dor1p revealed significant homology with
the exocyst component Sec5p, and biochemical studies
showed that Dor1p is in a complex with Sec34p,
Sec35p and five other proteins that Whyte and Munro
[4] named Cod1p to Cod5p. Homologues of the five
Cod proteins exist in higher eukaryotes; significantly,
the mammalian homologue of Cod4p is GTC-90, a
protein previously found as part of a ‘Golgi transport
complex’ required for intra-Golgi transport in vitro [14].
The presence of single copies of Dor1p and the five
Cod proteins in a complex with Sec34p and Sec35p
would fit with the predicted size of the Sec34/35
complex. Slightly confusingly, the individual members
of this complex give rise to different phenotypes upon
their deletion, suggesting that each member plays 
a distinct role within the complex. Deleting some of
the components produced growth defects, abnormal
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accumulation of internal membranes, reduced glyco-
sylation of the secreted invertase protein and an
altered distribution of the yeast SNARE protein Snc1p,
which recycles between the Golgi and the plasma
membrane via the endocytic pathway [4]. These results
suggest the Sec34/35 complex is involved in some
aspect of transport through the Golgi, and that loss of
its function also perturbs the late Golgi and recycling
between the endocytic pathway and the late Golgi.
One important finding is that the Sec34/35 complex
may be structurally related to other docking com-
plexes [4]. Iterative database searches with the amino-
terminal domains of several components of the
Sec34/35 complex revealed significant matches to the
corresponding regions of components of the exocyst
and the VFT complex. This homology was greater than
to any other coiled-coil proteins and, in some cases,
extended throughout the proteins [4]. It thus seems
likely that the exocyst, VFT and Sec34/35 complexes
are three members of a family of multimeric tethering
complexes involved in the docking of vesicles to their
target membranes at different points on the secretory
and endocytic pathways. What is the significance of
this finding? For one thing, it reassures us that the
mechanisms of membrane docking and fusion have
been conserved both throughout the cell and evolu-
tion. Furthermore it suggests that advances in our
understanding of one of these complexes can then be
applied to the others.
As mentioned above, the individual roles of the
components of the Sec34/35 complex are likely to be
different, as the phenotypes of the different knockouts
are not identical and have different degrees of sever-
ity [4]. Far more is known about the exocyst and VFT
complex components, and this may help us to under-
stand the function of the Sec34/35 complex. The
exocyst component Sec15p may bind the Rab GTPase
Sec4p, and is associated with secretory vesicles [15].
Sec3p, which is needed to define the site of exocyto-
sis on the plasma membrane [16], needs the Rho
family GTPases Rho1p and Cdc42p for its precise
localisation [17,18]. Thus, a series of interactions
between small GTPases and the components of the
exocyst help link a secretory vesicle to a specific area
of the plasma membrane. A similar model has now
been proposed for the VFT complex following the
demonstration that it can bind both the Ypt6p GTPase
on late Golgi membranes and the SNARE Tlg1p on
endosome-derived vesicle membranes [19]. The inter-
action with Ypt6p appears to be part of the mecha-
nism by which the VFT complex is specifically localised
to the Golgi [19]. The VFT component Vps52p shows
clear homology to the amino terminal domain of the
exocyst protein Sec3p [4], the part of Sec3p that binds
Figure 1. Docking complexes.
(A) Budding yeast has three known docking complexes (red). The exocyst is required for late-Golgi to plasma membrane transport,
together with the Sec4p Rab family GTPase and a SNARE complex containing Sec9p [6]. During polarised growth the exocyst medi-
ates docking specifically with the bud tip. The VFT complex functions in the docking of endosome-derived vesicles with the late-Golgi,
together with the Ypt6p Rab GTPase and the Tlg1 SNARE protein. Recycling from the late-Golgi to the early-Golgi may require the
Sec34/35 complex in conjunction with the SNARE protein Sed5p and the GTPase Ypt1p. For simplicity only key components relevant
for this article are shown, although many other factors are known to exist. (B) In mammalian cells far less is known about the specific
components required, partly due to the far greater number of different SNARE proteins and Rab GTPases. However, it is known that
homologous docking complexes exist. The mammalian exocyst functions in trans-Golgi to plasma membrane transport, and in
polarised epithelial cells this is specific to the lateral surface. Endosome to trans-Golgi recycling involves the mammalian VFT
complex, although whether or not the Rab6 GTPase functions in this step is unknown. Intra-Golgi transport requires the mammalian
































Rho1p and Cdc42p [17,18]. Vps52p may therefore
play a role in the specific localisation of the VFT
complex together with a specific GTPase, possibly
Ypt6p, although the contribution of non-Rab family
GTPases should not be ruled out.
It is almost certain that the Sec34/35 complex will
also prove to be a Rab effector; the only question is
which Rab protein. At first glance, the most obvious
candidate would seem to be the Ypt6p GTPase, as the
Dor1p component of the Sec34/35 complex was dis-
covered in a genetic screen involving RIC1, which
encodes the Ypt6p exchange factor [4]. A more likely
candidate, however, is actually Ypt1p, as its overex-
pression suppresses both sec34 and sec35 tempera-
ture-sensitive mutations [8,10], and the major binding
partner for Ypt6p is the VFT complex [19]. An impor-
tant next step will be to determine if any of the
Sec34/35 complex components are able to bind Ypt1p,
and whether this interaction is essential for the locali-
sation and function of the Sec34/35 complex.
For both the exocyst and the VFT complex, a series
of protein—protein interactions regulated by Rab
GTPases links the vesicle to its target membrane. The
specific recruitment of a tethering complex to the target
membrane serves to mark it as such. In the case of
the exocyst, the complex is able to mark the target
very precisely, restricting membrane fusion to specific
sub-domains of the plasma membrane. Thus, in
polarised mammalian epithelial cells, the exocyst is
recruited to the sites of cell—cell contact, where it is
important for the delivery of vesicles to the lateral
membrane surface [20]. In yeast, the exocyst is localised
to the bud tip and serves to focus exocytosis there,
even though the relevant SNARE proteins are localised
all over the plasma membrane [16]. Unravelling the
mechanism by which the various exocyst-like com-
plexes are targeted is therefore an important aspect of
understanding how specific membrane docking occurs.
One final question raised by these recent findings is
whether or not there is a difference in function
between these tethering complexes and other Rab
GTPase-binding coiled-coil proteins involved in
vesicle docking, such as p115 and GM130 involved in
ER to Golgi transport, which do not appear to form
such multimeric complexes [3]. The elucidation of the
Sec34/35 complex and similarity with other multimeric
Rab effector docking complexes is a step forward in
understanding how membrane tethering contributes
to the specificity of membrane traffic, and like all good
stories you just know there will be a sequel.
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